The marine bacterium Vibrio alginolyticus has a single polar flagellum. Formation of that flagellum is regulated positively and negatively by FlhF and by FlhG, respectively. The ⌬flhF mutant makes no flagellum, whereas the ⌬flhFG double-deletion mutant usually lacks a flagellum. However, the ⌬flhFG mutant occasionally reverts to become motile by forming peritrichous flagella. We have isolated a suppressor pseudorevertant from the ⌬flhFG strain (⌬flhFG-sup). The suppressor strain forms peritrichous flagella in the majority of cells. We identified candidate suppressor mutations by comparing the genome sequence of the parental strain, VIO5, with the genome sequences of the suppressor strains. Two mutations were mapped to a gene, named sflA (suppressor of ⌬flhFG), at the VEA003730 locus of the Vibrio sp. strain EX25 genome. This gene is specific for Vibrio species and is predicted to encode a transmembrane protein with a DnaJ domain. When the wild-type gene was introduced into the suppressor strain, motility was impaired. Introducing a mutant version of the sflA gene into the ⌬flhFG strain conferred the suppressor phenotype. Thus, we conclude that loss of the sflA gene is responsible for the suppressor phenotype and that the wild-type SflA protein plays a role in preventing polar-type flagella from forming on the lateral cell wall.
The marine bacterium Vibrio alginolyticus has a single polar flagellum. Formation of that flagellum is regulated positively and negatively by FlhF and by FlhG, respectively. The ⌬flhF mutant makes no flagellum, whereas the ⌬flhFG double-deletion mutant usually lacks a flagellum. However, the ⌬flhFG mutant occasionally reverts to become motile by forming peritrichous flagella. We have isolated a suppressor pseudorevertant from the ⌬flhFG strain (⌬flhFG-sup). The suppressor strain forms peritrichous flagella in the majority of cells. We identified candidate suppressor mutations by comparing the genome sequence of the parental strain, VIO5, with the genome sequences of the suppressor strains. Two mutations were mapped to a gene, named sflA (suppressor of ⌬flhFG), at the VEA003730 locus of the Vibrio sp. strain EX25 genome. This gene is specific for Vibrio species and is predicted to encode a transmembrane protein with a DnaJ domain. When the wild-type gene was introduced into the suppressor strain, motility was impaired. Introducing a mutant version of the sflA gene into the ⌬flhFG strain conferred the suppressor phenotype. Thus, we conclude that loss of the sflA gene is responsible for the suppressor phenotype and that the wild-type SflA protein plays a role in preventing polar-type flagella from forming on the lateral cell wall.
V
ibrio alginolyticus, ubiquitously found in marine and estuarine environments, is a halophilic Gram-negative bacterium that is occasionally the cause of human infections. Indeed, reports have shown that this bacterium is responsible for a large portion of wound infections (1, 2) , ear infections (otitis media and otitis externa) (3) , and some instances of gastroenteritis and chronic diarrhea among immunocompromised patients (4) .
Flagella are the most common way to facilitate motility in bacteria; they are composed of more than 20 proteins and typically exploit 30 other proteins for their precise regulation and assembly (reviewed elsewhere [5] [6] [7] [8] ). One obvious application of such a complex flagellar apparatus is to propel bacterial cells through liquids (swimming) and on surfaces (swarming) in response to favorable/unfavorable signals and/or to allow the bacteria to successfully compete with other microorganisms. In addition, bacterial flagella are widely associated with adhesion to surfaces, biofilm formation, and the virulent behaviors of a variety of pathogenic bacteria, such as V. cholerae (9) (10) (11) and Helicobacter pylori (12) (13) (14) . Although many bacteria possess such organelles, mixed patterns of flagellation are observed in different bacterial species. While some bacteria, such as Escherichia coli (15) , have peritrichous (lateral) flagella, others have single (e.g., V. cholerae) or multiple (e.g., H. pylori) polar flagella. Several species have been reported to have a dual flagellar system where they express both polar and lateral flagella on the same cell for distinct purposes, i.e., polar flagella for swimming and lateral flagella for swarming (16) . Such organisms include V. parahaemolyticus (17) , V. alginolyticus (18) , Aeromonas species (19) , and an animal pathogen, H. mustelae (20) .
The exact mechanism(s) by which bacteria with dual flagellar systems control the placement and number of their polar and lateral flagella has not been elucidated. However, there are a number of reports that strongly indicate that two genes-flhF and flhG-play important roles in determining the architecture of their flagella. These two genes are well conserved in a number of bacteria with polar flagella (21) , including Pseudomonas putida, P. aeruginosa, V. cholerae, H. pylori, and V. alginolyticus (22) (23) (24) (25) (26) , and disruption of their functions results in aberrant placement and/or numbers of flagella. The flhF gene is also found in the peritrichously flagellated bacterium Bacillus cereus and has been demonstrated to be indispensable for proper flagellar arrangement (27) .
To our knowledge, the product of the flhF gene in every bacterium studied so far, including V. alginolyticus, shares significant homology with FtsY of E. coli, which is a signal recognition particle (SRP) receptor protein (23, 27) . FtsY, together with another protein, Ffh (SRP subunit), plays important roles in the biosynthesis of many inner membrane proteins (28) . Proteins of this kind carry a G domain at their C termini, within which a GTP-binding motif can be found. We have previously shown that this GTP-binding domain is essential for the polar localization of FlhF at the cell pole and for the subsequent formation of flagella (29) . Overexpression of FlhF in V. alginolyticus and in a few other bacteria leads to an increase in the number of polar flagella, while disruption of the flhF gene results in reduced and abnormal placement of flagella (23) and a loss of swarming ability.
The other conserved protein, FlhG, encoded by flhG, which is found directly downstream of flhF, shows homology to E. coli MinD, a protein responsible for the proper placement of the septum of cell division (23, 30) . Although it is unclear whether FlhG interacts with as many proteins as does MinD in the Min system, we have demonstrated that the FlhG protein is distributed homo-geneously in the bacterial cytosol and that it interacts with FlhF (24). In V. alginolyticus, V. cholerae, and P. aeruginosa, it has been shown that overexpression of FlhG results in a nonflagellated phenotype, whereas disruption of the gene results in a hyperflagellated phenotype that is very similar to the phenotype associated with FlhF overexpression (22, 23, 31) . In light of these findings, our current model proposes that FlhF determines the polar positioning of V. alginolyticus flagella by localizing itself at the cell poles to initiate flagellum assembly and that FlhG negatively controls the number of polar flagella by directly interacting with and thus inhibiting FlhF accumulation at the cell poles (32) .
When both the flhF and flhG genes are deleted from the chromosome of V. alginolyticus VIO5, which possesses a wild-type polar flagellum and no lateral flagella, the majority of the population stops producing polar flagella and, hence, loses motility. However, we also observed that a very small fraction of the ⌬flhFG population has several lateral flagella and regains some swimming ability ( Fig. 1) (24) . In a subsequent study, we isolated the⌬flhFG suppressor (⌬flhFG-sup) strain, and further studies indicated that there is an additional regulatory pathway for the positioning of peritrichous/polar flagella aside from FlhF and FlhG (32) . In this study, we characterized the whole-genome sequence of the parent strain VIO5, together with the whole-genome sequences of the ⌬flhFG and ⌬flhFG-sup mutants, and identified a novel gene, sflA (suppressor of ⌬flhFG), that may play an important role in the process by which flagellar position is determined in organisms with dual flagellar systems.
MATERIALS AND METHODS
Bacterial strains and growth conditions. The bacterial strains and plasmids used in this study are summarized in Table 1 , and E. coli strains were grown with shaking in LuriaBertani (LB) broth at 37°C. Antibiotic concentrations used to maintain the plasmids were 50 g · ml Ϫ1 ampicillin or 2.5 g · ml Ϫ1 chloramphenicol for E. coli and 25 g · ml Ϫ1 chloramphenicol for V. alginolyticus. Library construction and whole-genome resequencing. Fragment libraries were constructed using genomic DNA purified from V. alginolyticus cells of the parent strain VIO5 and the ⌬flhF, ⌬flhF-sup, ⌬flhFG, or ⌬flhFG-sup mutant. All genomes were sequenced using a SOLiD NGS platform (Life Technologies). Briefly, DNA fragments with a mean size of about 125 bp were generated by the sonicator Covaris S2 system (Covartis Inc., Woburn, MA). The DNA fragments were then blunted by T4 DNA polymerase and phosphorylated by T4 kinase (New England BioLabs, Beverly, MA). Two different SOLiD P1 and P2 bar-coded adaptors were ligated to each fragment end by T4 DNA ligase (Invitrogen Corp., Carlsbad, CA). These adaptor-ligated DNA fragments were nick translated and amplified by PCR. The PCR products were separated by E-gel SizeSelect gels (2% agarose; Invitrogen Corp.), and 150-to 200-bp DNA fragments were collected. Following those treatments, the DNA fragments were purified using a Pure Link PCR purification kit (Invitrogen Corp.). The concentrations of each DNA library were determined by quantitative reverse transcription-PCR using a SOLiD Library TaqMan quantitation kit (Life Technologies).
A 500 pM aliquot was prepared from a stock DNA library and diluted to make a final concentration of 0.8 to 1.0 pM for input into ABI 1.0 M-scale emulsion reactions (Emulsion PCR kit; Life Technologies). Emulsion PCR was conducted using an ABI GeneAmp PCR system 9700 apparatus for 40 cycles of amplification. Following emulsion breaking and subsequent washing, enrichment of template beads was conducted using SOLiD capture beads with P2 affinity. Beads lacking a template or a P2 adaptor were filtered out via gradient centrifugation with glycerol. The P2-enriched beads were isolated from the upper glycerol layer, modified with a 3= amino group for surface attachment, and prepared for deposit on the SOLiD slide. A single SOLiD slide quartet well was used for 5 barcoded samples. After 5-bp bar-code sequencing, the 50-base sequences were obtained using a SOLiD 3ϩ sequencer.
Data analysis of DNA sequence. Following base calling, mapping to the reference sequence of the V. alginolyticus strain VIO5 contig and single nucleotide polymorphism (SNP) calling were conducted using ABI Bioscope software (version 1.2) (Applied Biosystems, Foster City, CA), with default parameter settings used for targeted resequencing. Called SNP data were tabulated in an Excel file and were visually confirmed using an Integrative Genomics viewer (version 1.5) (33) .
DNA manipulations and sequencing. Routine DNA manipulations were carried out according to standard procedures using PCR primers. The in-frame deletion of sflA (VEA003730) was generated using the protocol described by Metcalf et al. (34) . Restriction endonucleases and other enzymes were purchased from New England BioLabs and TaKaRa Shuzo (Kyoto, Japan). DNA sequences were determined using a BigDye Terminator (version 3.1) cycle sequencing kit (Applied Biosystems) and an ABI Prism 3100-Avant genetic analyzer (Applied Biosystems).
Transformation of V. alginolyticus. V. alginolyticus was transformed with plasmid DNA by electroporation using the protocol developed by Kawagishi et al. (35) . Briefly, cells were subjected to osmotic shock, followed by thorough washing with 20 mM MgSO 4 . Electroporation was performed according to the manufacturer's instructions using a Gene Pulser electroporation apparatus (Japan Bio-Rad Laboratories, Tokyo, Japan) at an electric field strength of 5.0 to 7.5 kV cm Ϫ1 . Motility assay. Various V. alginolyticus strains were grown on VC agar plates supplemented with 2.5 g · ml Ϫ1 chloramphenicol overnight at 30°C. Fresh single colonies were picked, inoculated onto VPG soft agar (semisolid agar) plates (1% [wt/vol] tryptone, 0.4% [wt/vol] K 2 HPO 4 , 3% [wt/vol] NaCl, 0.5% [wt/vol] glycerol, 0.3% [wt/vol] Difco agar) containing 2.5 g · ml Ϫ1 chloramphenicol, and incubated at 30°C for 6 to 8 h before the pictures were taken. Alternatively, 1.5 l of overnight cultures was used to inoculate VPG soft agar plates.
Antibody raised against SflA. A DNA fragment corresponding to the N-terminal fragment of SflA (S23-Q187) without the signal sequence region was amplified from the plasmid pNT30 using PCR. The amplified fragment was ligated to the NdeI and BamHI sites of the pCold-I vector (TaKaRa Bio, Inc., Otsu, Japan). The resultant plasmid encodes 6 histidines at the N terminus and was named pTN51. The N-terminal fragment of SflA was purified from E. coli BL21(DE3)/pLysS cells harboring pTN51 using a HisTrap FF column (GE Healthcare), a HiTrap Q column (GE Healthcare), and a Superdex 200HR 10/30 column (GE Healthcare). The purified N-terminal fragment of SflA was separated by SDS-PAGE, stained with Coomassie blue R-250, and excised. The rabbit antibody against the purified N-terminal fragment of SflA (SflA S23-Q187 ) was produced by MBL (Nagoya, Japan). Western blot analysis. Each V. alginolyticus strain was grown overnight in VC medium. Overnight cultures were diluted to 1:100 in 3 ml fresh VPG medium containing chloramphenicol and were grown for 3 h. Fractionation of cells. The cells were harvested and suspended in V buffer (50 mM Tris-HCl [pH 7.5], 300 mM NaCl, 5 mM MgCl 2 ) and then disrupted by sonication. After unbroken cells were removed by low-speed centrifugation (5,000 ϫ g for 5 min), the supernatant (whole-cell fraction) was subjected to high-speed centrifugation (110,000 ϫ g for 30 min). The resultant supernatant and pellet were defined as the cytoplasmic fraction and membrane fraction, respectively.
Electron microscopy. The cells were negatively stained with 1% or 2% phosphotungstic acid adjusted to pH 7.4 with NaOH and observed with a JEM1011 electron microscope (JEOL, Tokyo, Japan).
Nucleotide sequence accession number. V. alginolyticus strain VIO5 contig sequence data were registered to DDBJ under accession number DRA000493.
RESULTS

Suppressor mutation identified by whole-genome sequencing.
We isolated the suppressor mutants from the ⌬flhF and the ⌬flhFG strains and found that they had improved swimming abilities in soft agar plates (32) . We then examined the suppressor mutant of the ⌬flhFG-sup strain in detail and found that many of the cells had peritrichous flagella. Careful analysis of the genes in the ⌬flhFG-sup revertant revealed that the suppressor mutation does not map to any of the known flagellar genes. In order to identify the origin of the suppressor mutations, we performed whole-genome sequencing of the wild-type (strain VIO5) cells and the ⌬flhF, ⌬flhF-sup, ⌬flhFG, and ⌬flhFG-sup mutants using the next-generation sequencer SOLiD. Comparing the motile ⌬flhF-sup and ⌬flhFG-sup genomes with the genome of each of the nonmotile parent strains, the ⌬flhF and ⌬flhFG strains, we detected SNPs in the ⌬flhF-sup genome and a single SNP and a 9-bp deletion in the ⌬flhFG-sup genome. The suppressor mutations were found in the same gene, which encodes a putative membrane protein having a DnaJ-like domain. We therefore named this gene sflA (Fig. 2) . Compared to the wild-type sflA gene sequence, the SNP found in the ⌬flhF-sup strain was a T-to-G substitution which causes an amino acid change from Leu-293 to Arg-293. The 9-bp deletion from the C terminus of the ⌬flhFG-sup sflA gene, which removes the native stop codon, results in an extension of the SflA polypeptide by 9 amino acids (VRKLWL ACF) at its C terminus (Fig. 2B) .
The candidate suppressor mutations were found in the gene corresponding to VEA003730 of Vibrio sp. strain EX25. This gene seems to be transcribed along with an upstream gene, VEA003729, which has an unknown function ( Fig. 2A) . These two genes are encoded adjacent to each other with a 76-bp intergenic space and are both unique to Vibrio species. Bioinformatics analyses using the Basic Local Alignment Search Tool (BLAST) and a Pfam search (38) revealed a few interesting features of these proteins. The VEA003729 polypeptide is predicted to have an OmpA-like domain at its C terminus (E value ϭ 1.5). OmpA is a well-studied outer membrane protein of E. coli whose function is to associate noncovalently with the peptidoglycan layer (39) . Some of the Vibrio flagellar motor components, PomB and MotY, also have at their C termini putative peptidoglycan binding domains that resemble the peptidoglycan binding domain of OmpA. These regions are believed to anchor a stator unit of the flagellum onto the peptidoglycan layer (40) . On the other hand, the VEA003730 sflA gene is predicted to have one transmembrane domain with a putative signal sequence cleavage site at its N terminus and a DnaJ domain (also known as a J domain) at its C terminus (E value ϭ 2.1) (Fig. 2B and C) . SflA is responsible for the suppression phenotype. To investigate the role(s) of the VEA003729 and VEA003730 genes in flagellar formation, we cloned both genes in the pACYC184-derived intermediate-copy-number plasmid pSU21 (41) because these two genes seem to be in the same operon and their products might work in concert. The ⌬flhFG strain can barely swim in soft agar plates because only a small fraction of the cells makes flagella, whereas the ⌬flhFG-sup strain, with an increased number of peritrichous flagella, has an improved ability to swim and to form expanding colonies. When the wild-type sflA gene was expressed from plasmids in the ⌬flhFG-sup strain, it inhibited motility. On the other hand, the mutant version (suppressor) of sflA (referred to here as sflA-⌬9), which has an additional 9 amino acids at the end of the wild-type SflA, did not significantly affect motility in soft agar plates (Fig. 3A) .
To investigate whether the mutation in the sflA gene is solely responsible for the suppression phenomenon, we introduced a series of mutations into the VEA003729 and VEA003730 (sflA) genes cloned in the pSU21 plasmid. The mutant versions were created by restriction enzyme digests and subsequent T4 DNA polymerase treatment and ligation. The mutants made in this manner for this study are summarized in Fig. 2A . The plasmid was treated with (i) BamHI and BglII double digestion to remove most of the VEA003729 gene, (ii) NotI, which introduces a mutation in VEA003729 at its 5= end that leaves only SflA functional, (iii) MluI, which cuts sflA at its 5= end, and (iv) Eco47III, which excises about 200 bp from the C terminus of SflA. These mutant constructs were named ⌬BB, ⌬Not, ⌬Mlu, and ⌬Eco, respectively. The effects of the mutations were analyzed with motility assays in semisolid agar (data not shown). The ⌬flhFG-sup strain, which normally has swimming ability in semisolid agar, regained its swimming ability only when SflA was disturbed (as in ⌬Mlu and ⌬Eco), whereas the ⌬BB and ⌬Not (functional SflA) constructs gave results similar to those for the plasmid carrying the original sequence. Therefore, we concluded that SflA is responsible for the ⌬flhFG-sup phenotype and that SflA might act as an inhibitor of the peritrichous positioning of V. alginolyticus flagella, as more than 50% of ⌬flhFG-sup cells grow peritrichous flagella (32) .
Our finding demonstrating that SflA is responsible for the phenotype of the ⌬flhFG-sup mutant led us to investigate which part of the protein is essential for this function. Therefore, we cloned the sequence encoding the last 117 residues of SflA (SflA C ) into pSU21. This region comprises the cytosolic part of SflA, which follows a predicted transmembrane domain and contains a putative J domain. Expression of SflA C suppressed the motility of ⌬flhFG-sup cells to a level almost comparable to that of wild-type SflA cells (data not shown). This suggests that the cytoplasmic J domain is sufficient to suppress the flagellar generation.
To confirm that the loss of SflA is responsible for the suppression phenomenon, in-frame deletions of sflA were created in the wild-type (VIO5) and the ⌬flhFG backgrounds. A semisoft agar motility assay demonstrated that the ⌬flhFG ⌬sflA double mutant was as motile as the ⌬flhFG-sup strain (Fig. 3B) . Furthermore, the ⌬flhFG ⌬sflA and ⌬flhFG-sup cells generated peritrichous flagella to the same extent, as observed by electron microscopy (Fig. 4) . On the other hand, the sflA knockout from the wild-type strain (VIO5 ⌬sflA) had no effect on motility and flagellation, demonstrating that sflA knockout alone can be tolerated in the wild-type background.
Effects of the sflA gene on flagellar proteins. Next, we investigated the role of the sflA gene in flagellar protein expression using immunoblotting with antibodies against flagellin, the main component of the flagellar filament (42), and FliF, the MS ring protein that initiates the biogenesis of the flagellar basal body (43) (Fig. 5 ). In agreement with our previous study, flagellin expression was reduced in the ⌬flhFG strain but was almost unchanged in the ⌬flhFG-sup strain. Expression of plasmid-borne wild-type sflA in the ⌬flhFG and ⌬flhFG-sup mutant backgrounds reduced the expression of flagellin, a result consistent with the decreased motility described above. The amount of FliF expressed was increased in the ⌬flhFG strain, as suggested by previous studies of flagellar gene regulation for V. cholerae, V. parahaemolyticus, and V. alginolyticus (32) . Furthermore, expression of plasmid-borne wild-type sflA and sflA-⌬9 in wild-type cells increased the levels of FliF to some extent, suggesting that the sflA gene may somehow affect the flagellar gene regulation. Detection of SflA protein.
To detect the SflA protein, we made an antibody against the N-terminal region of SflA (SflA S23-Q187 ). We confirmed that the antibody specifically reacts with a protein corresponding to SflA from the parent strain VIO5 but not from the ⌬sflA mutant (Fig. 6A) . The expression level of the protein in VIO5 cells was low because the SflA protein was not detected by the antibody when intact cells were analyzed directly by immunoblotting (data not shown). The protein was detected in the enriched fraction (Fig. 6A) . Expression plasmid-encoded SflA protein was easily detected in intact cells (Fig. 6B) . Fractionation of the bacterial cells indicated that the SflA protein was detected exclusively in the membrane fraction.
DISCUSSION
In this study, we identified and characterized the sflA gene through whole-genome sequencing of the parent strain V. alginolyticus VIO5 (Pof ϩ Laf Ϫ ) and its mutant strains. In addition, we demonstrated that SflA is a membrane protein that is involved in the regulation of flagellar placement in organisms with dual flagellar systems. We detected a mutation in the sflA gene (VEA003730) in the ⌬flhFG-sup mutant which allowed cells to form polar-type flagella on the lateral cell wall (peritrichous flagella) (Fig. 3) . These flagella were functional and restored motility. Expression of the wild-type SflA in V. alginolyticus VIO5 (FlhF and FlhG present) does not affect the biosynthesis of flagellar proteins or polar flagellation. On the other hand, it does affect the flagellation and flagellar protein synthesis in the ⌬flhFG and ⌬flhFG-sup backgrounds, and the motility of the ⌬flhFG-sup strain is inhibited when wild-type SflA is expressed (Fig. 3A and B) . To our knowledge, there has been no previous report of a regulatory pathway of the dual flagellar system other than the FlhF/FlhG system. Mutational analysis of the VEA003729 gene and the sflA gene (VEA003730) ( Fig. 2A and 3B and data not shown) demonstrated that SflA is a key player in this newly discovered pathway. Our findings lead us to hypothesize that polar flagellar placement is to a certain degree determined by SflA through inhibition of the peritrichous positioning of flagella. It seems that the FlhF/FlhG system does not directly interact with the SflA system, and it is unclear how the FlhFG and SflA systems work in concert to determine the precise locations of flagella.
Our BLAST search indicates that the sflA gene is extensively conserved among the Vibrio species. When amino acid sequences of SflA homologues from selected Vibrio species were evaluated by assembling a phylogenetic tree (44, 45) , we discovered that two of the Vibrio species with the dual flagellar system-V. alginolyticus and V. parahaemolyticus-have similar SflA proteins, whereas V. cholerae, which has a single polar flagellum, has a divergent SflA. Despite those differences, all homologous proteins examined shared conserved C-terminal regions with a DnaJ-like domain (see Fig. S1 in the supplemental material), implying an essential function. DnaK (Hsp70), the best-studied heat shock protein in E. coli, is a molecular chaperone that is involved with virtually every aspect of cellular function with the aid of other cochaperone proteins, such as DnaJ (Hsp40) (46) . The highly conserved HPD motif of DnaJ is essential for interaction with the appropriate chaperone partner, such as DnaK. Proteins like SflA that belong to the DnaJ family are not necessarily E. coli DnaJ homologues. Rather, these proteins are characterized by the presence of a J domain through which they interact with partner chaperones to regulate their function, thereby controlling the fate of the client proteins of the chaperone. It is unclear at this point if SflA interacts with another chaperone. E. coli DnaJ has been shown to possess a DnaK-independent activity in vitro, where it binds to an unfolded protein substrate and prevents it from agglutination (47) .
In this study, expression of the C-terminal region of SflA alone was able to inhibit the motility of the ⌬flhFG-sup mutant, although the effect was not as strong as that with wild-type SflA. This observation, together with the fact that the SflA protein overexpressed by the sflA-⌬9 mutant does not work as efficiently as the wild-type protein (Fig. 3A) , indicates that the C-terminal (cytosolic) region of the SflA protein plays a fundamental role in its function. SflA is also unique in that it has a J domain at its C terminus (unlike most DnaJ-like proteins, which have the J domain at their N termini) (48) . An example of such a cochaperone is DjlA, a 271-amino-acid protein that also has a transmembrane domain at its N terminus and a J domain at its C terminus, much like SflA (46) . The djlA gene is not essential for E. coli survival, but its product functions synergistically with DnaK to promote growth. Also, overexpression of DjlA affects various cellular responses, such as sensitivity to certain drugs and initiation of capsule production (46) . Our results show that the sflA knockout is not lethal in V. alginolyticus VIO5, and it will be informative to investigate the physiological effects of sflA deletion and overexpression, other than what we have documented here.
Although we have not yet been able to describe the precise mechanism through which SflA, a potential cochaperone, controls flagellar placement and biogenesis in V. alginolyticus, the work of Shi et al. (49) demonstrated a requirement for DnaK, DnaJ, and GrpE (another cochaperone of DnaK) in E. coli flagellar synthesis and motility. E. coli cells with mutations in genes encoding those proteins had reduced transcription of the flhD operon and the fliA gene, which encodes 28 . Although V. alginolyticus and E. coli have different patterns of flagellation-i.e., dual polar and lateral flagella versus peritrichous flagella-FliA ( 28 ) is also required by V. alginolyticus for the expression of some flagellar genes, such as flagellin. Therefore, it is possible that SflA is involved in regulating the transcription of fliA and the subsequent expression of flagellar genes.
